Deficits in episodic memory, related to medial temporal lobe dysfunction, are a core component of schizophrenia. Rey's Auditory Verbal Learning Test (RAVLT) is one of the most widely used neuropsychological memory tasks in clinical practice but normative data are limited. Over the last 15 years, the RAVLT has been used to assess verbal episodic memory performance as part of the Western Australian Family Study of Schizophrenia (WAFSS). This study aims to provide RAVLT norms, derived from the WAFSS, for individuals meeting DSM-IV and ICD-10 diagnostic criteria for schizophrenia or schizophrenia-spectrum disorder, for use in clinical settings. Performance on three immediate and one delayed recall trials, and additional measures of encoding and forgetting, is presented for 492 patients and 260 healthy community controls. Results indicated that age and sex (both groups) and IQ (schizophrenia group only) significantly influenced performance. Norms are presented, as means and standard deviations, stratified accordingly. Additional between-groups analysis clearly shows a significant memory deficit in schizophrenia even when patients are matched on IQ, age, and sex with healthy controls.
Introduction
Episodic memory impairment, linked to abnormal activation in the medial temporal lobes (Achim & Lepage, 2005) , is one of the most robust and reliable cognitive difficulties experienced by individuals with schizophrenia (Boyer, Phillips, Rousseau, & Ilivitsky, 2007; Danion, Huron, Vidailhet, & Berna, 2007; Toulopoulou & Murray, 2004) and an important predictor of social and community functioning and quality of life (Green, 1996; Green, Kern, Braff, & Minz, 2000) . Consequently, the assessment of episodic memory functioning should be an essential component of routine clinical evaluation for individuals with schizophrenia.
Word list learning and recall remains one of the most reliable, valid, and clinically useful outcome measures for the clinical evaluation of new treatments for schizophrenia (Green et al., 2004) , and such tasks continue to be widely used in general clinical practice, partly due to their ease of administration. Several different list learning tests are available, but Rey's Auditory Verbal Learning Test (RAVLT; Rey, 1941 ) is especially popular when there is limited assessment time and when the influence of semantic organization on recall is not a focus of assessment (Lezak, Howieson, & Loring, 2004) . The RAVLT provides easily calculated measures of encoding and retrieval of 15 largely unrelated concrete nouns (reviewed in Schmidt, 1996) . However, a wide variety of RAVLT word lists and administration procedures have been reported in the literature, including variations in the number of trials presented, rate of presentation of words, use of interference word lists, and in the timing of delayed recall trials (Lezak et al., 2004; Schmidt, 1996) . As commonly noted, this makes it difficult to find appropriate norms, especially when testing specific patient populations such as individuals with schizophrenia.
Previous research also suggests that performance on the RAVLT is sensitive to several moderator variables. Decline in performance with increasing age is the most consistently reported finding (Geffen, Moar, O'Hanlon, Clark, & Geffen, 1990; Query Archives of Clinical Neuropsychology 26 (2011 ) 205-213 & Megran, 1983 Schmidt, 1996; Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2005) . In the healthy adult population (20 -60 years), RAVLT scores are more similar to each other than in older adults (aged over 60 years; Strauss, Sherman, & Spreen, 2006) . The influence of sex on performance is less consistent in the literature: where differences are reported, women tend to do better than men (Geffen et al., 1990; Strauss et al., 2006; see Mitrushina, Boone, Razani, & D'Elia, 2005 , for nonsignificant findings). Similarly, findings concerning the influence of education and intelligence on RAVLT scores are inconclusive (Mitrushina et al., 2005) . Bolla-Wilson and Bleecker (1986) noted that education does not account for variance in RAVLT scores over and above that associated with differences in intelligence, and Schmidt (1996) concluded that in healthy individuals neither education nor intelligence appear to have a substantial influence on RAVLT norms.
Despite the importance of examining verbal episodic memory dysfunction in individuals with schizophrenia, clinicians face several significant hurdles when using the RAVLT with this patient population. First, existing normative data are often provided on mixed samples of psychiatric patients (each of which may exhibit different memory impairments; Schoenberg et al., 2006) , rather than a specific sample of individuals with schizophrenia. Secondly, the normative data currently available for individuals with psychiatric illness are limited by extremely small sample sizes (Mungas, 1983) and/or have not been stratified by age, sex, or IQ. This may be particularly important when assessing individuals with schizophrenia. For example, recent evidence suggests that women with schizophrenia outperform men on immediate and delayed verbal memory and that this advantage persists over and above the effects of age, illness, and hospitalization (Sota & Heinrichs, 2003) . Similarly, recent evidence points to two distinct subtypes of the illness-one characterized by pervasive cognitive deficit, in which memory dysfunction contributes the largest effect size and another, comprising patients with relatively spared cognition (Hallmayer et al., 2005; Jablensky, 2006) . Finally, as noted above, the wide variation in administration procedures in use with the RAVLT also makes it difficult to find appropriate normative data.
The purpose of this study, therefore, was to create normative data for the RAVLT for individuals with a confirmed diagnosis of schizophrenia or schizophrenia-spectrum disorder (SZ), together with matching data for healthy, community controls, which might be useful in a clinical setting. The data were derived from the Western Australian Family Study of Schizophrenia (WAFSS; Hallmayer et al., 2005) . Owing to the expected influence of demographic factors (age and sex) and the general level of cognitive function (IQ), we first examined the influence of these moderating factors on RAVLT performance and then stratified the data accordingly.
Method

Participants
The participant data used in this study were drawn from the WAFSS. The study was approved by the Human Research Ethics Committee of the University of Western Australia and the North Metropolitan Area Health Service-Mental Health Human Research Ethics Committee, Perth, Western Australia. Written informed consent was obtained from all participants.
Individuals with schizophrenia or a schizophrenia spectrum disorder (SZ) were recruited from inpatient and outpatient services at the Graylands Hospital, Perth. Participants with either schizophrenia or a broader-spectrum disorder, such as schizoaffective disorder, were included since neuropsychological evidence suggests that there are no substantial differences in cognition between these groups (Bora, Yucel, & Pantelis, 2009) . Healthy community control (HC) participants were recruited by random sampling from local telephone directories, Red Cross blood donors, and other community group volunteers. All WAFSS participants were aged between 18 and 65, were fluent in English, and had been assessed for premorbid intelligence using the National Adult Reading Test-Revised (Nelson & Willison, 1991) . (Although years of education were also available, this measure was not included as a separate variable since it was significantly correlated with NART.) Within this database, 778 participants had been administered the RAVLT. We excluded data for all participants with a history of additional neurological disease (e.g., Parkinson's disease) or brain injury, and self-reported hearing impairment that might influence neuropsychological performance. In addition, healthy controls with a personal or family history of psychotic illness were also excluded. Following this screening process, RAVLT data for 492 individuals with schizophrenia and 260 healthy controls remained for analysis. Table 1 provides basic descriptive data for the two groups.
Diagnostic assessment was based on standardized interviews employing the diagnostic interview for psychosis (DIP; Castle et al., 2006) and scored using the OPCRIT diagnostic algorithm (McGuffin, Farmer, & Harvey, 1991) . Video-recorded interviews and clinical charts were independently reviewed by two senior clinicians who assigned consensus research diagnoses. All patients met both ICD-10 and DSM-IV criteria for a lifetime diagnosis of schizophrenia (n ¼ 398, ICD-10 codes: F20.0, F20.1, F20.2, F20.3, F20.5, F20.6, F20.8, and F20.9) or SZ (n ¼ 94, ICD-10 codes: F21, F23.1, F23.2, F25, and F29). SZ participants were taking their usual medication at the time of testing. Data were available for 191 patients on atypical and 42 patients on typical medication. HCs were also screened for psychopathology using the DIP.
Procedure
All participants were tested individually by graduate research assistants with a degree in psychology. All testers received specific additional training in the administration and scoring of the RAVLT by a registered clinical psychologist (JCB). Standard WAFSS quality-control procedures also include double scoring of all psychological test record forms together with ongoing checks on the reliability of administration procedures.
In this project, List A (Lezak et al., 2004; Taylor, 1959) of the RAVLT was presented, comprising 15 words, always in the same order, which the tester read aloud to participants at a rate of one per second. Participant instructions were as follows:
I am going to read a list of words. Listen carefully, for when I stop you are to say back as many words as you can remember. It doesn't matter in what order you repeat them. Just try to remember as many as you can.
After Trial 1 was presented, the tester recorded each word, in the order recalled and then gave the following instructions:
Now, I'm going to read the same list again, and once again when I stop I want you to tell me as many words as you can remember, including words you said the first time. It doesn't matter in what order you say them. Just say as many words as you can remember whether or not you said them before.
This procedure was repeated again, yielding a total of three immediate recall trials, compared with the more common five-trial format. Furthermore, no distractor list was presented. This shorter administration procedure was adopted in order to minimize participant fatigue, since the entire WAFSS test battery required 3 -4 h of testing. Following Trial 3 of the RAVLT, participants were engaged in other testing (usually the Continuous Performance Task, Identical Pairs version) for approximately 20 min. After this delay, participants were asked to recall as many words as they could from the original learning trials, in any order (delay recall).
Scoring for each trial (T1, T2, T3, and T-delay) was based on the number of words correctly recalled. A summary score of the total number of words correctly recalled, summed across Trials 1 -3, was also calculated (T-total). In addition, the number of repetitions (R-total; number of times a correct word is repeated) and extra-list intrusions (I-total) was recorded (summed across the three learning trials). Finally, indices of encoding and forgetting were calculated, as follows: Encoding (E)-number of new words correctly recalled on each trial, summed over Trials 1 -3 (max ¼ 15); forgetting (F)-number of words recalled on Trial 3 minus number of words recalled at T-delay.
Statistical Analysis
A series of linear regression analyses was carried out to investigate the contribution of demographic variables (age and sex; with sex converted into a dummy variable), and general intelligence (NART) to performance on RAVLT measures. Group differences in verbal learning and memory were examined using a mixed design with one within-subjects factor (Trials 1-3 and T-delay) and a between-subjects factor (SZ vs. HC). The magnitude of effects was expressed in terms of generalized eta-squared (i.e., h 2 G ; Bakeman, 2005) . No outliers, with scores of 3 SD from the mean, were detected in the study sample. Chi-square and independent samples t-tests were applied to analyze the demographic data. All analyses were carried out using PASW 17.0. 
Results
The SZ group represents a fairly representative cross-section of service users with severe mental disorder. Table 1 shows basic descriptive statistics for both groups. The SZ group was significantly younger than the HC group, comprised a higher percentage of men and had a lower estimated premorbid IQ. Of note, the mean estimated IQ of the HC group was similar to that reported for the NART standardization sample (mean ¼ 107.4), though the standard deviation was smaller, suggesting that average IQ performance of the current sample was similar to-though less variable than-the general population. As expected, the total number of words recalled by SZ participants was significantly lower than that of the HC group (SZ T-total: mean ¼ 20.2, SD ¼ 5.9, T-delay: mean ¼ 5.6, SD ¼ 2.9; HC T-total: mean ¼ 27.4, SD ¼ 5.2, T-delay: mean ¼ 8.9, SD ¼ 2.8).
Contribution of Age, Sex, and Intelligence to RAVLT Performance
Multiple linear regression analysis was performed on each group (Tables 2 and 3 ). Both age and sex (i.e., being men) consistently affected key RAVLT performance measures in each group. In general, RAVLT scores were lower in older than younger adults and in men compared with women. In the SZ group, NART-IQ scores were also significantly related to RAVLT scores. 
Normative Data Stratified
As a result of the regression analyses, normative tables were derived for each group, comprising means and standard deviations, stratified by age and sex (Tables 4 and 5 ). The entire sample was divided into three subgroups of younger (18 -30 years), mature (31 -42 years), and older (43 -65 years) adults. This stratification was guided in part by previous recommendations that such subgroups should aim for cell size of at least n ¼ 50 subjects (Mitrushina et al., 2005, p. 39) to maximize stability in the data. The age cutoffs were also chosen to be maximally beneficial in clinical settings since the younger age group captures the peak age of onset of schizophrenia. For the SZ group only, the normative table also includes subgroups determined by NART-IQ scores (Table 5) , since IQ significantly influenced RAVLT scores. The lower IQ subgroup comprised SZ participants with NART scores 1 SD below the mean of the NART standardization sample (i.e., IQ , 90; mean IQ ¼ 83.8, SD ¼ 4.6), whereas SZ participants with IQ ≥ 90 formed the higher IQ subgroup (mean IQ ¼ 102.1, SD ¼ 7.1).
Correlation Analysis
Correlations between duration of illness, and age of illness onset, and memory scores in the SZ group were also examined. Pearson's r and partial correlation coefficients were calculated; after adjustment for age, duration of illness showed no 
Between-Groups Comparisons: IQ, Age, and Sex-Matched Subsamples
Since the need for lower IQ and higher IQ SZ subsamples in the normative tables is clear from the results above, a follow-up analysis was conducted to examine RAVLT performance between a subset of higher IQ SZ participants and HC participants matched on IQ, age, and sex in order to determine whether a memory deficit is specifically linked to schizophrenia. Participants' memory performance was analyzed using a 2 (matched subsamples-Group: higher IQ SZ, n ¼ 238 and HC, n ¼ 235) × 4(Trial: T1, T2, T3, T-delay) repeated-measures analysis of variance (ANOVA) design. Subsamples were 2 G = 0.25, indicating a marked increase in verbal learning during the three immediate recall trials followed by delayed recall. As expected, the main effect of Group was also significant, F(1,471) ¼ 106.92, p , .001, h 2 G = 0.14, confirming that RAVLT performance of the higher IQ SZ participants was worse than that of HC group on all trials. Furthermore, the interaction between Group and Trial was also significant, F(3,1413) ¼ 13.28, p , .001, h 2 G = 0.01, indicating markedly different learning curves in the matched subsamples of HC and SZ participants (Figure 1 ). Post hoc pairwise comparisons between subsamples at each trial showed that the mean difference in RAVLT recall increased from 1.4 words on T1 to a 2.6-word difference on T-delay. Additional repeated-measures ANOVA, with within-subjects factor (encoding and forgetting) and between-subjects factor (matched subsamples Group: higher SZ and HC) was used to further clarify the nature of the performance differences observed. Prior to this analysis, all individual scores were transformed into standardized z-scores to avoid obvious differences in absolute values between encoding and forgetting. The results showed a significant main effect of the within-subject factor, F(1,461) ¼ 11.53, p ¼ .001, h 
Discussion
The aim of this research was to provide norms for the assessment of episodic memory-based on RAVLT performance-in individuals with schizophrenia or SZ, for use in clinical practice. Norms for healthy controls recruited from the same population as individuals with schizophrenia are also presented. The abbreviated administration format of the RAVLT used in the WAFSS-involving only three immediate recall trials, no interference list, and a delay period filled with other cognitive tasks-is likely to be maximally useful in clinical settings where limited testing time may be available. SZ participants exhibited a robust impairment in simple, summary measures of immediate (T-total) and delayed (T-delay) episodic memory, with verbal recall approximately 1.5 SD below that of healthy controls.
As expected, based on previous reports, both age and sex influenced RAVLT performance (Geffen et al., 1990; Schmidt, 1996; Strauss et al., 2006) . This pattern was evident in both the SZ and the HC groups. Women tended to recall more words than men, (Sota & Heinrichs, 2003) , whereas younger adults tended to outperform older adults. General intelligence also significantly influenced memory performance in the schizophrenia participants only; individuals with lower premorbid IQ recalled fewer words than individuals with IQ's in the normal or above the range. Consequently, normative tables were generated for RAVLT performance for both SZ and HC groups, stratified accordingly. Age and IQ cutoffs were selected to maximize clinical utility and relevance while attempting to maintain a reasonable cell size ( 50) where possible, to increase the likely stability in the data. In particular, the younger adult (18-30 years) subgroup captures the peak age of onset of Fig. 1 . Mean RAVLT scores across four trials (T1, T2, T3, and T-delay) for higher IQ SZ and HC subsamples (matched on IQ, age, and sex) and the lower IQ SZ subgroup. Data for the lower IQ SZ subgroup are provided here for reference purposes only and were not included in the between-groups analysis. schizophrenia, whereas lower (IQ , 90) and higher (IQ ≥ 90) IQ subgroups mirror previous evidence of cognitively compromised and (relatively) cognitively spared schizophrenia subtypes, respectively (Hallmayer et al., 2005; Weickert et al., 2000) . Importantly, however, between-groups comparisons also confirmed a significant deficit in RAVLT learning and recall in schizophrenia compared with healthy controls, even when subsamples were matched on general intelligence, age, and sex, suggesting that poor verbal memory is specifically linked to schizophrenia. These findings underscore the need for clinicians' to assess specific cognitive functions in individuals with schizophrenia, especially verbal memory, even when general intelligence appears to be relatively well preserved. Further analysis suggested that the observed impairment in schizophrenia is related more to difficulties in encoding rather than forgetting, a finding consistent with previous research (Danion et al., 2007) .
Several limitations should be noted with the current research. First, the schizophrenia group was mostly medicated, aged in the mid-1930s, and had lived with the illness on average for 10 years. Consequently, the current norms may not accurately reflect performance for markedly younger or older individuals, such as those experiencing their first episode of illness during late adolescence. However, it must be noted that neither younger age of illness onset nor longer duration of illness was significantly associated with poorer recall. Second, many participants with schizophrenia were receiving their usual medication (typicals and atypicals) at the time of testing, which means that the norms presented may not accurately reflect performance of un-medicated individuals. In addition, while the current data show a small, but significant negative correlation between CPZ equivalents and RAVLT performance, it is important to note that evidence concerning the influence of antipsychotic medications on cognitive functioning is mixed and inconclusive. Finally, the number of female participants with schizophrenia was relatively small, and so when stratified by age and IQ the resulting normative subgroups formed are relatively small (n , 50 per group). While this is a potential limitation of the current study, the sample size of women, and men, subgroups is significantly larger than any previously reported normative data for RAVLT. Furthermore, in view of previous evidence of better verbal memory in women with schizophrenia (Sota & Heinrichs, 2003) , presenting norms grouped by gender may improve the sensitivity of detecting deficits in either group.
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